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7 SOUND FIELD _

¢ CURVES OF EQUAL LOUDNESS WITH OCTAVE-FILTERED SOUND IN A DIFFUSE }

L. Cremer, G. Plenge, and D. Schwerzl

1., Motive for the present investigation

The guantitative determination of sounds and the establish-
ment of the optimum allowable sound levels are effected at present é§5LJ
by tweo methods.

The first, and older, method consists of the measurement of
a given sound level with the aid of a system sensitive to the
whole audible spectrum; this receiving system is constructed so as
to mimic as closely as possible the response of the human ear and
its “‘J\reic_:rht:ing'.l of the individual regions of the auéible spectrum.
This apparatus is known in America '‘as a "sound level meter." In
Germany, however, this nomenclature is more usual for an apparatus
which weights all frequencies evenly in the area of interest.
Since the curves of equal loudness for frequency-weighting are
taken as a basis for the'first—méntioned apparatus, it is known in
Germany as the "DIN* - Loudness Meter” and measurements made with-
it are suffixed by the word "DIN - phon." [1] '

. The DIN - Loudness Meter and its détermination of each sound

' in terms of a single number has the.undoubted advantage of

. simplicity. This simplicity, though, must unfortunately be
abandoned at one point. The DIN Loudness Meter originated from the
demand for an apparatus to measure the loudness of pure tones in

an evenly advancing sound field. Curves of egual loudness
‘obtained in this way, however, are dependent on the loudness level,

In order to take into account, to some extent, the dependence on

[*DIN = Deutsche Industrie Normen = German Industrial
standards.]



on the amplitude of the frequency change;,an international agree-
ment'was,made, in which'th:ee different “weiéhting qurves" were
iﬁtroduced, each for a particular sound level. This, however, has
the great disadvantage, that--especially at low frequehcies——
different results are produced according to which curve is used.
The-uncertainty which resulted for the experimenter was reduced
aé much as possible by éstablishing the rule that the higher value
was to be decisive in measurement. In the interest of noise-
contrdl, there was a tendency to value sounds rather tooc high than -
too low. More recently, this principle has been abandoned. The

3 curves are considered as equally valid. Therefore, each value
given must be accompanied by an indication pf which curve it was
cbtained from. Thus it was suggested that the curves be denoted

as A, B, and C, and the corresponding values as dBA, de,.dBc.

It is very questionable whether this complication is worth-
' while.‘ Firstly,‘ngise measurements concern theﬁselves primarily
-”with high lcudhess 1évels{ thus one curve may'already be useless.
Ovexr and above this, 1t must be stressed that the above division

of the frequency spectrum into partlcular differently welghted
reglons is valid only for 'single pure tones. As soon as several /65
tones or a wide-band sound come into questlon there is no way tob‘* -
.determlne the proper weighting curve except from the over/all
sound level. It is very likely that in this way a component w11l

be weighted by a curve valid only for a much higher level.

The fact that such a n apparatus cannot estimate the various
frequency-regions separately, as, in fact, the ear ggg, is shown
in a much greater discrepancy between loudness-levels measured in
" this way and the loudness-levels. This‘discrepandy is noticeable
in the fact that the more wide-band the noiselﬁeasured,‘the more
the DIN-loudness-level reading Willbéﬁunaer the true level [2].



In the second method, one tries to give.a true picture of
loudness-level from sume of loudnesses of single‘frequencies
(I3]—L9]) Attempts at this Haﬁe led, however, oﬁly to relatively
laborious calculations, and not to any sort of apparatus that was
<usefu1 for praétical measurements in industry or other fields.

Furthermore, the practice has grown up récentiy of construct-
ing a so~called "Octave Level Diagram" in addition to the visually-
given DIN-loudness levels for stationary noises. .Technically,
this requires no more than the introduction of octave-filters into
the transmission path of the DIN-loudness meter; by this procedure,
the weighting'curve is replaped by an egual weighting of all

frequencies, as in a sound-pressure .meter,

If one has such an Octave-Level-Diagram, the quesﬁion-of
allowable levels may be‘easily decided through comparison of the
measured curve with a "desired curve” or "ideal curve." This
précedure has been used,' for example, in bﬂilding acoﬁstics{ in
‘thé adjustment of shielding apparatus for damping the sound of

footsteps onucéilings. The "ideal curve" does not take into _
‘account only the differehtial sensitivity of the ear to“high and
IOW'frequency-regions. In that case, the curve would still be
"arbitrary, for it must also take into account the naturé of the
sound-stimulus. It concerns .itself also with the fact that it is

much easier to combat high frequencies than low frequencies.

Furthermore, it is not regquired for an”allowable level that
the measuredacﬁrve lie at all points'undgr‘tﬁe ideal curve. More
practiqally-a'small'excess of 2dB is allowed; however, areas where
.the measured cﬂrvé lies'below,the ideal curve are not to be taken
as. compensating for areas of excess. This principle has the '
advantage that the guestion of allowable levels is always based on

several points of measurement,aﬁﬁqthus the.rather low accuracy of

3



acoustic measurements is not of great conseguence.

. Such comparison of curves has also been suggested in other
areas, so that the. admissibility or non-admissibility of certain
sounds may be determined from their excesses ih the "Octave—LeVelF
Diagram." . Ofteﬁ an excess of only one frequency is regarded as
inadmissible. These curves, too, must take account of factors
other than merely the peculiarities of the human ear. Here, also,
~one might take into account the present state of technology,
obtaining then for each particﬁlar.situation a corresponding

"{deal curve."

L Cremer , and E. Lﬁbcke, in a report on ideal normal curves

ST, o

S

for the cla551f1catlon of sounds to the Industrial Committee on
"Loudness and Noise Measurements,” have suggested the settlng-up_
of a universal curve on the basislof eurves of equal loﬁdneSSt At
the same time it was stressed that the known curves of equal |
loudness are not ‘suitable for such purposes, ‘because they were
“‘obtalned from pure tones, and.because they were obtained 1n a'”

- sound field advancihg evenly towerd the observer with a fixed
angle of incidence. This extreme case is much more seldom seen in
‘n01se control, however, than thet.of a statlstlcal distribution

. of frequen01es and angles of incidence.

In thieAcese, however, it is necessary to useﬁonly "white"
‘noise, with an equal distribution of energy per Hz. It may be

assumed, moreover, that all sound spectra whose fall in amplitude -

.  with frequency is less steep than that of the corresponding.

:filtering in the ear, are Weighted in an approximately eguivalent

"way by the ear.

For many of the above reasons, the.above experimenters have
. L ie—
realized that it is desirable to measuxeg&urée;>of equal loudness

T



with octave-filtered sound. L. Cremer, in the session of May 28,
1956, reported on his first set of experiments, Which-took place
in the small echo chamber of.the Heinrich Hertz Institute, a
diffuse sound field. These unfortunately suffered greatly from

technical defects and machine noises in the building.

In the meantime, experiments were being carried out in the.
echo chamber of the acoustical facility of the Institute for
Technical Acoustics of the Technical University of Berlin -
Charlottenburg; here conditions were more favorable, and the
apparatus was radically improved, so that the investigation may

be considered henceforth as favorably terminated.

- In addition to this, S.S5. Stevens [9] has obtained a curve
of equal loudness with filtered noise in a diffuse sound field.
In his Egbli?dtiqn.he has alsovmade use of a similar measurement
by fﬁg._iyggeg, Finally, similar comparative.measurements have Jéézu\
been-méde bﬁ‘G; Jahn [12] at the Institute for RElectrical and \
Building Acoﬁstids of the Technische Hochschule, Dresden, who has
most kindly communicated his. incomplete results to us. Since his
final report is not vet in our hands, this paper will not enter

into a discussion of his results.
2. Experimental Procedure
2.1. Measurement Procedure

" The curves of equal loudness with pure tones were ascertained
by feeding altexnately the'reference tone and the tone to be
compared {(comparison tone) to both ears in an even sound field.

The experimenter then adjusted the comparison tone so that it was
either "equally as loud"” as the reference tone, or so that it was

either "louder than™ or "softer than" the reference tone. Both



procedures are possible, but the second is more practical. The
adjustment for "louder than" and "softer than" fatigues the test
subject less than the adjustment for "equally loud." If this
method is used to determine curves of equal loudness with octave-
filtered scund, then it becomes hécesséfy,Ain order to grasp the
idea of “loudnesg" properly, to compare each octave with a
'100-Hz tone as reference. It‘ié still,éxtremely difficult, -however,
to subjectively compare two sound-events of different character,
such as are presenﬁed'by pure tones and filtered sound. For this
-reason, the reference tdne of 1000 Hz was replaced by a third-
. filtered noise (i.e., a band of sound a third wide) around 1000
Hz.

The third around 1000 Hz, accordlng to R. Feldtkeller and
.E, Zw1cker [7], corresponds to a cluster of frequen01es at this
point in the audlble range. Through this method it is possible,
~if necessary, to combine our results with those obtained by
Feldtkeller and Zw1cker, in order to shed new light on the

response of the ear to noise.

| Each separate measﬁrément began with a briefing, as exact aé
possible, of each subject on the idea and goals of the experiments,
and on the duties of the subject during the experiment. The
various sounds were presented to the subject; the subject was
] glven especxal opportunlty to hear the: third-band around 1000 Hz,
the comparison sound for the whole experlment, and familiarize

himself with it for extended periods.

For a short period the third-sound andvan'hhﬁééé?@iéé sound
(average frequency 1000 Hz) were presented to the‘subject. The
level of the 1000 Hz octave-band was slowly lowered, stepwise.



During the presentation, the standard level (of the third-
sound} remained constant. The subject was then called upon to
give a signal when the octave-sound (1000 Hz) seemed sbfter than
the third-sound. At that point, the level of the octave-sound was
again raised, uﬁtil‘the subject gave a further signal_indicating
that the octéve—signal seemed once mdre louder than the third-

- sound. Finally the level was agaln lowered, and so, cohtinuing,
the level of true "egual loudness" was goﬁe through three- times.

If one records the Maxima and Minima so obtained on a recorg-
ing sound level meter, one may later determine the true level of
"egual loudness" of sound by proper evaluation of the levels

obtained. (Figure 1).
CoTCo bt o D e e O oD uaa
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Figure 1. ﬁxdﬁple of a recording—level-meter;diagram used

for further work-up.

- After every seventh "adjuStment" of the level with the _
,Subject, (3rd minimum), a pause was taken and thus eventually the
other points of a curve--at the aﬁerage,frequencies of the other
octave bands--were obtained using the.same procedure of short
pauses.- Here the séries of points to be mééshred was so arranged,
that, starting from the first third- band {at’ 1000 Hz)  the- hlgh
frequencies were flrst_covered and then the lower regions. A
greater or lesser number of repetltlons of measurements was made,

- according to the rellablllty and certalnty of the subject S

judgment
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As a proper duration for presentation of individual sound
events in the diffuse sound field (echo chamber) our procedure
indicated a time of 1.5 to 2 seconds. In addition to this, a '
xshort pause of 0.5 to 1 second was introduced between separate
signals, so that there should be no overlap or 1nterm1x1ng of

~different sounds through the reverberation of the room.

The total time between reversals of the amplitude level change
of between 2 and 3 is a’comprOmise between the time it takes the _
subject accurately‘toAascertain the loudness of a given sound, and
the time allowable immediately'afterward so that in the sub- 'éég

sequent comparison, the subject may still hav@ in mind the level |

of the preV1ous sound.

 Within this limit, the most favorable time must be dete:mined‘

- for each subject at the beginning of the measurement period.

. Taking a curve by'this method requires‘about 15 to 20 minutes.
.After such a tlme, usually, the accuracy and concentration of  the
subject were so far exhausted that a long pause was necessary. '
After obtalnlnq 2 further curves, the measurements had to be ended.
Thus, in one session, one could obtain only 3 curves. The ;
.complete.meaSurement was usually divided into 3 sessions. 1In the
‘ffirst curves at the level of 70, 80, and 90 dB were taken, and
»in‘the7second curves at 50 and 60 dB. Measurements at 50 and
60 dB could be obtalned only at nlght- in the'daytime, extraneous
noise levels in the ‘echo chamber reached 50 dB. In theé night
sessions, the danger of tiredness of the subject was, naturally,
great. This danger was countered to some extenﬂ by reducing the

"sessions to the measurement of only two curves.



2.2 Discussion of the experimental procedure and the conduct of

the subjects.

With measurements such as these .we have attempted to answer
the following guestion: whether the data cobtained from a sound
stimulus of a definite natur6,~andjjj;further development are
subject to recognizable laws, and, if this is trué, what these
laws are; also, whether they are limited to single ihdividuals, or

are of general validity.

Only farely is it possible gquantitatively and gqualitatively
to determine the effect of a physical occurrence on the human
in a direct manner--for example, in the way that an involuntary
bodily reaction to a stimulus is measurable. Usually one is
forced to regard the human as a more or less distorting "measuring
instrument," whose indications are often obscure. If one is
interested, not in unconscious reactions, but in man's capability
of estimating conscious reactions and, further, his capacity for
transmitting thesé to others in‘words or signs, thén yet another
psychologically conditioned transformatioh-of the original

"measuring experience” comes into the picture.

In a measu:ement as conducted here there are two principal

sources of errors:

l. The uncertainty of the phy51cal reactlon and its -

fluctuatlons

If it is possible to exclude persons with abnormal hearing
from participation in the experiment, then the error resultlng
herefrom will be small enough to be treated as, merely an‘f'”i Y
experimental error, as.w;thany measuring instrument. It :can
then be treated according to the usual guidelines for experimental

errox. (It is not always possible to determine with certainty



whether the subject is useable, i.e., whether the hearing is

normal, or whether the auditory powers havé béen weakened or

altered through disease.)}

2. The psychologically conditioned alteration of the
primary reaction '

This errcr may be so diverse in its manifestations and so
insidious in its power that one is forced continually to observe
the subject, and to set-up the experimental procedure so that the
experimenter may continually direct his attention to this error.

_ ‘We will here treat more closely some cf the most commonly
observed errors. '

1. In aléomparison of the third-sound with an octave-
f%éﬁéﬁ?lying c;oge in ‘frequency, the actual alteration of the level
of the octave-sound is ascribed by the subject to an imagined
change in the‘level'of the third-scund; for example; a lowering of
the oétave—sound level is often perceived as a raising of the

third-sound level with a constant level of the octave-sound.

It may be helpful to have the subject attempt to compare
'fairly unlike sounds at the beginning of the experiment, in order
to accustom himself to the work. One objection to this, howe#er,
is that the comparison of loudnesses of extremely different
character is extremely difficult for untrained persons at the

beginning, and so they may become unsure of their perceptions.

2. Often the subject was, at firsﬁ, unable to make -
‘reascnakle decisions between "louder than" or "softer than" the
third-sound. Often the distance between the maxima and minima
waé too small, occasionaily too large. In training the subject

the following instructions were given: that the octave-sound must

10



seem with certaiggz to be louder or softer than the third-sound.

3. After a certain time, the subject will begin to expect
that every time he gives his ‘signal, the change of sound level
will reverse ite direction. If the level change proceeds in ‘
unvarying, constant, small steps, then the first step that énsues
after the reverse in direction will not correspond to the step
that is (unconsciously) expected; it will be much smaller. This
may lead to the subject's thinking that his eignal has been mis-
understood, and that no reversal has .been ﬁade in the level-change.
The signal may then be unnecessarily repeeted,'leading to harmful

confusion in the course of the experiment.

4. The subject becomes condltloned to the rhythm of the | /69

measurements This occurs prlmarlly in connection with the-

following p01nts

a) ' The frequency of direction reversal

(of change in sound level).

It is desirable to vary this reversal frequency, so as .
to counteract the fatigue induced in the subject.by too great -
reqularity, Howeﬁer, ag,mentioned above, any variaticn in this
frequency is so pobrly tolerated that it is better to take no
account of this fatigue and deal with it as best as possible in

other ways.
b) The rhythm of the level change.

The subject will become accustomed to the fact, for

example, that after 5 reversals the Octave-ncise is always too
loud or too soft. He then gives tﬂm551gnalfrom the conviction that
the Octave-signal must be too loud or too soft and not from an

11



objective determination. ' The regular progress: of the level change
must therefore be changed or interrupted; however, only to the
extent that any reaction of the subject to this alteration remains

insignificant.
(c) The succession of different octave-noises

It has beén oﬁr experience that it is not good to exactly
follow the above—given-sequehce of measurement points; a better
procedure is as follows: at the beginning of each measurement
point the subject is presented with the new noise at an unexpected
level (much too loud or much too soft), and is asked, as a starter,
to equalize approximately the levels of the two noises, that of
the previously unexposed sound-region and the standard. If the
unfamiliar sound is presented at a level too close to the correct

one, this may be uncritically accepted by the subject as equality.

For the sequence of measurements we have found the following

quite favorable:

‘Daytime: 80, 70, 90 dB.
Night-time: 60, 50 dB.

One must consistently take care to plan an experimental
procedure that, on therone hand, obviates any danger of habit -
forming as described above, and, on the other hand, leaves
enough regularity so that the subject does not beéome confused;

the problem of fatigue is also of greatest importance.
5. The subject must remain as free as possible from optical

stimuli and should be in a neutral environment. New and strange

impressions may divert the attention.

12
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A comfortable chair, ‘a-table, and a go;yﬁlamp, which
lights up only the subject and the nearest éhfroﬁndings,_but

leaves the rest of the rbomin darkness, will create a comfortable

M

atmosphere.

6. The various sounds, especially at low frequencies, may
take on a somewhat snarling qualitv in association with the _
third-noise, and give rise to various associations. Such things
may also come to pass for noises which remind the subject of
personal experiences (e.d., wind-noises during a railway trip,

and so on.)

This may go so far that the subject forgets his
surroundings and Yis task entirely, and falls asleep; extra-
ordinary as this may seem to those who have not done such

experiments.

7. Many subjects tend to lighten their task through
various imaginings, which connect with the noises or the change

of the noises.
Two examples:

a) If one imagines for each sound a source or
object as creator, then one may‘think that, with changes
in level of the receivea‘sounds,,the.position of the
imagined source is moviné; According as the source of
the oc¢tave-sound seems'closef or farther awaﬁ than that
of the third-noise (in'the'inner eye of the subject), the

- subject may assume that the sound is louder or softer.

b) If one imagines music with the sound which
is written ig 2/4 or 4/4 time, one mav so order two

13



- adjacent sounds that the heavy beat [down-beat] corresponds
to the louder and the light beat)to ‘the softer.

If now the prev1ously softer noise suddenly
becomes the louder, a rhythmic "leap" is suddenly introduced

into the music--a half-measure seems to be missing.

. This is a very sensitive reaction, whese point
_of occurrence is easily recognizable. If the'snbject
assumes, further, that this point is identical‘With the
perception of "louder than" or "softer than“ the third-
noise, at which point he is supposed to give his signal,
then he will tend to concentrate, not on the true changes
in loudness or softness, but on the musicﬁwhich he

‘imagines to himself.

The extent to which such aberrations may be
tolerated must be left up to the 1nd1v1dua1 judgment of

the experlmenter.

The number of people that took part in these-experiments
. was neeessarily limited‘by the fecilities of our Institute.

. 'Fnrthermore, we laid more weight on obtaining the most exact
.possible meaeurements with a smaller number of persons, than on
combining a great number of individual fesults: The following
people took part: Fellows of the Institute, students, on whom
this duty.'was incumbent as part of their education, and friends
and'ecquaintanees of the experimenter,swho had the kindness to
put themselves at his disposal. Various peculiarities were

.observed in these different classes of people.

14



Fellows of the Institute were usually familiar with the
situation and the test procedure; hut were, however, often

.

biassed by their superior knowledge with regard to the results

of the experiment.

Students often find the duties of the experlment wearlsome,
and wish to complete the session as quickly as possible, in
contrast to the participants & mentioned above, whose eagerness
to end may often be controlled. | '

Musically trained persons were the sharpest and most
-accurate observers. Participants trained in medicine or having
knowledge of the difficulties of electro-acoustic measurement
often were unable to concentrate on the duties given to them;
'flrstly, because they denied the validity of the measurements-
from. phy5lolog1cal pon51deratlons, and secondly, because they
lost. concentratlon on their tasks while gearching for flaws in

the apparatus or other aspects that might be criticized.
3. The Apparatus

Figure 2 is a schematic diagram of the various

components.

15
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Figure 2. Block diagram of the apparatus.

Two signals_are taken from a white-noise generator. The
first is run through a third-filter, which passes the freguencies
900 - 1120 Hz, next through a matching amplifier and a control
element, and is finally led to an électronic (non-nmechanical)
switching device.

The second signal is first passed through any of the

following octave filters, as desired:

100 - 200 Hz

200 - 400 Hz

400 - 800 Hz
800 - 1600 Hz
1600 - 3200 Hz
3200 - 6400 Hz

6400 -12800 Hz

16



then (ae before} through an amplifier and a eontrolfunit to the
electronic switching‘unit. This last device switches between the
two signais in a noise-free manner (i.e., without any clicks or

' pops“} and delivers one of them to a second ampiifieraahd a
power amplifier, and finally to the loudspeaker system arranged

in the measurement room.

- The sound pressure produced in the measurement room may. be
measured in two ways. First, through a sound pressure meter
(type EZGN from the company Rohde and Schwarz, Muniéh)} .. This
' permits adjustment of the third-noise to the requlred absolute.
level for the measurement of each particular curve. The second
measurlng apparatus measures the difference between the sound
pressure of the third-noise and the sound pressure of the octave-
noise, Tt consists of a measuring microphone, a_hlgh—pass filter,
an amplifier, and a recording-level-meter.. The control element-'
for the octave-sound is operated by thelexperimenter by means

of a button accessible to him.

Petails of the circuit:

The sw1tch1ng from cone signal to the other is done through

: suppre351on of the undesired signal by means of a hlgh negative

grld bias. Through theueaqe of . sultable electronic sw1tch1ng
T

elements one can insure that this blockage is both put in and

‘_taken out in a gradual manner, w1thqut any sudden changes.

Data for frequency-change and for ﬁistortion factor are

the usual for such egquipment.

g . . e b " PR N -
I . IS
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Data for the switching-suppression:

Approx. 90 Db decrease in 50-100 ms ;
e as desired

Increase #o UmaX in 50-500 ms

The switch is operated with the contact ¢: and d: or
by hand with the keys T; and T, (which may be locked in the.

test room). (See Figure 3).

It was found necessary for the experiments that fhe
experimenter be as free as possible from any mechanical
operations, especially the adjustment of the level of the
octave¥sound. The entire attention of the experimenter must

be focused on the subject.

A supplementary relay system was constructed which permitted
the following: (See Figure 3)

18



| Ve gy — 'L_W_h? C = o 7 ey RI -
el ey, © Jy ol
. 1 —

OGS S P S R
I S —
]
O B o d)r:‘_l&L3 I Klf_
WOTT O B %m%mm&n
® I ] ol
1. ——
il
! T N T
o T |
) '

-

\?j\#
- S
Sy il
NN
7
—
"
1
o

& L
. ] 1
; Fon H 9] % lip
Y : , :
| | DAt I

S

Figure 3. The relay "steering" mechanism
I. Automatically working "reversal®” control
II. Counting apparatﬁs and motor-reversal apparatus
III. Motor speea control

Iv. Automatic stopping controls

1. Switching from signal 1 to signal 2 and the reverse, with
various durations of 0.5 - 5 sec. The switch is controlled by two
relays (A and B) which work in alternation. The relays are /71
energized until the capacitors 1 or 2 have discharged through them.
hﬂﬁ;ing the "rest period" the capacitors are charged up again. The

discharge may be hastened by auxiliary parallel resistances (3, 4)
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and by the potentiometers 1 and 2. Thus the working periods of
relays A and B may be adjusted within the given time limits.

2. Introduction of pauses between the “reversals" with
variable durations of 0.2 - 2 sec. C and D operate dependently
on A and B. The opening of C and D may be retarded by the
potentiometers 3 and 4 in conjunction with the associated circuitry,
between given limits. Through the overlapping of the "on"-periods
of relavs C and D arise the pauses between the periods when either

one signal or the other is being produced in the text-chamber.

3. Automatic motorized operation of the first control unit.
The control can be operated in variable steps according to a
previously astablished plan via a selectable system of contacts.

Thus we achieve the following: that after a reversal in the
direction of level change, the next reversal point is approached,
first in large steps, and then in progressively smaller ones, as

the point is approximated. This has 3 advantages:

a} Time is saved; the next turning-point is reached as

guickly as possible.

b) The exactness of measurement is facilitated by the
approach in small steps when close to the particular
maximum or minimum; also, it becomes unlikely that the true
point of perception of "louder than" or "softer than" will

be overreached by too large gradations of level.

¢) Large level changes immediately after the subject's
giving his signal will prevent the above-mentioned '
impression that the direction of level change has not

reversed.
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One may make full use of the various possibilities of the
selectable contact system so as to achieve the optimal rates of

level change after each particular maximum or minimum.,

4. Automatic reversal of direction of level change through a

signal from the experimenter.

5. Automatic stopping of the relay system and simultaneous /72
suppression of both signals (Pause) after 6 or 8 "reversals" as

desired by the experimenter.

4. Measurements and Their Results
4.1. Results in the echo chamber with octave-filtered sound

At first, experiments were carried out with regard to the
comparability of various filtered soundé, the size of the allowable
distortion factor, the length of measurements, accuracy and
certainty of the apparatus, and conduct and situation of the
subject. The subject often finds it very difficult: to compare
gsounds of widely differing frequencieé. In order noﬁ to distort
inadmissibly the large peak-values of the sounds, that is, to keep
the distortion factor under 1.5%, all equipment was run -104B

below the maximum input.
4.1.1. Experimental Setup
For measurements in the diffuse sound field an echo chamber
-of triangular cross-section and sloping room was available.  No

room /surface was parallel to any other. The volume of the echo
chamber was 118 m3. '
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It is important for the experiment that all frequencies have,
as closely as possible, the same reverberation period. Further- ..
more, it is necessary that the sound-field be equally distributed

in all directions.

Figure 4. Reverberation period of the chamber used for

measurement ( } untreated; (~===—= ) treated.

In Figure 4 we see the reverberation period of the untreated
and treated room plotted against the 'logarithm of frequency. The
rise in the reverberation period‘beiow 100 Hz is unimportant,
sinceiﬁﬁglowest frequency was '100 Hz. To achieve a reverberation
periéa that changed as little as possible with freguency, and
satisfactory diffuseness, we placed tuned resonators for lower
freguencies and perforated boards for middle freguencies in
statistical distribution on the boundary-surfaces of the chamber.
No special measures were used to promote diffuseness. When the
room was filled with white noise, variations of only + 1 dB in

level were found in theneighborhood of the measurement position.
For diffuseness the sound source must have no pronounced

directionality. Asba woofer a corner speaker was used, and for

high frequencies a Polyeder with 12 separate systems. The subject
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sat in a place of his own choosing; all subjects confirmed that the

location of the sound source was not evident or assignable.
4.1.2. Results

In all, 47 persons were available. Six of these were
rejected, since they were either abnormal in hearing or were not
able to estimate loudnesses. The results from 41 persons were
worked up. Six persons were used for the measurements of the
curves for SO_aﬁﬁﬁOJdBweffective sound pressure of the third-noise
around 1000 Hz, 27 for the 70, 80, and 90 dB curves, and 8 for the
50, 60, 70, 80, and 90 4B curves. | |

The standard least-~squares deviation of the standard level,

calculated according to the relation

gave s = + 2.8 4B

Table 1  Curves of equal loudness
with occtave-filtered noise.
Values cobtained from experimental

results in diffuse sound field.

! - Ferw wm FOOO 1n - - R
Oktaven ) . e e e ]
[ [oaban | e0dB | mean ! s0dB - 90 dB
{ 100 Lis 200 T 865 dB l 65.7 13 ; 7.9 dR ! 81748 9l.4dB
! 200 bis 400 Hz 520 dB 62,4 d3 SR #1.0 A1 T Ol dB
o 400 Lis 80 Fiz 40 B 1 DALG A3 i ensdan T8 88.0 dB3
i 800 his 1600 Hz | 46,2 |13 P BT AR { G740 413 70,3 dB3 © 859d4B)
L1600 Dbis 3200 Ha 40.0 ¢ 13 L1 3% B3] L godn 0.2 4B 7 79,0dB >
3200 bis GHIG Mz 3001 | d6naB L goodn | a%adi C 787 dB
C G400 bis 12800 M 855 B b5 aB PoobbsdB | 67.3dB 75,9 dB
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Figure 5. (~—————) Curves of equal loudness with
octave~filtered noise in diffuse soundfield.
(m—————- ) Approximation of the loudness
curves with straight lines with fall-off of
3 dB per octave; also suggestions for o .o
frequency curtailment outside of the measured

area.
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Figure 5 shows the results of the curves of equal loudness ' /73
with octave-filtered noise in . dlffuse* sound field (in Table 1 the
values themselves are given}. This shows, first, that they have a
substantially different character from the known curves of equal
loudness, which are obtained with pure tones advancing in even
waves toward the observer in a‘:dead room. All five curves
obtained run approximately parallel. The portion of the 70 dB
curve between 100 and 200 Hz (avg. Frequency 142 Hz) presents an
exception. This octave was not unequivocally comparable with the
third around 100 Hz. With a few exceptiohs; the subjects made the

assertion, for this curve, that they felt pain in the ear. Thus
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the measurements made were not entirely the estimation of a loud-

ness, but also of the pain boundary.
5. Discussion of Results

The most striking conclusion that may be drawn from the
results brought together in Table 5 is the following: that up to
the highest freguency measured @ere~—the octave from 6400-12800 Hz
and the average frequency of,K 5000 Hz [illegible]——no'further
increase in level, i.e., no decrease in the ear's sensitivity,

was observable.

This result is in accordance with tha\tof,‘S.S.__Ste‘\.f.er,l.ws._K

for a curve observed at 73 ab, shown in Figure 5'in"5roken lines.

_ The fact that this curve is not precisely parallel to the
ones obtained in our experiments may be ascribed to certain
variations in the experimental conditions; it may also be taken as
an indication of the unavoidable variations of measurements of

this nature.

With regard to the utilization of these curves, it is not
suggested that all their variations in slope be taken as
significant, even though some of these fluctuations appear in
all the curves. It seems more sensible to simplify the results
by approximating the curves with straight lines which decrease

" by 3 dB per octave. These straight lines are shown in Figure 6.
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Figure 6. (-———) Curves of egqual loudness
with octave~filtered noise in diffuse

sound field.

(~==——= ) Approximation of the loudness
curves with straight lines with fall-off
of 3 dB per octave; also suggestions for
frequency curtailment outside of the

measured area.

It is very significant that these approximations may be
treated, with equally good accuracy, as Earallel lines; and that,
also, in the area of the most useful technical levels, no o

dependence of the estimated curves on loudness-level is seen.

This fact allows us to suggest a further simplification
of the DIN-loudness meter, whose principal advantage is. its
simplicity: namely, a reduction from three'estimating curves to
one. According to our results, moreover, the estimating curve

would be considerably simpler than those heretofore in use: a
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straight line with a descent of 3 dB per octave in the region
125-9000 Hz. Measurements had to be cut off above and below this
frequency region. Here, also, practical considerations will
dictate the use of simple "straight-line" laws, always keeping in
mind, however, that subjedtive‘measurements in these borderline .
areas are difficult to obtain.

/74

At high frequencies, of course, the question of the
frequency-cutoff point depends greatly on the age of the subject.
There appears to be no reason why‘one should restrict oneself
entirely to old, or entirely to young people. As a preliminary
guidelines we may suggest here that a decrease in sensitivity of
at least 12 dB per octave is probably, which would show up in the

stright-line diagram (Fig. 6) as a corresponding rise.

Below 125 Hz, experimental accuracy suffers from the
"unavoidable production of overtones. Here, too, the decrease in
sensitivity per octave will undcoubtedly be above 3 dB. Accerding
. to the measurements of S.5. Stevens, and F.G. Tyzzer it appears |
proper to postulate a fall—off of 6 dB per 6ctave in the range
125-62 Hz, again visible as a corresponding increase on Figure 6;
for technical reasons, one may allow for an even steeper fall-off
in sensitivity, which appears allowable also.in view of hearing

considerations.

Levels established with a wide-band estimating level meter
such as this may be dlstlngulshed from the so-called DIN-loudness
levels, we suggest, by calling them merely "sound levels." The
appellation "level" says very cleaxly that the measured values
(as also with the DIN-loudness meter) are more closely related to
the sound-pressure level than those loudnesses obtained by a

subjective comparison with the 1000-Hz tone.
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As reference pressure for this level system one must, of
course, use the internationally defined threshold value of
- '
p0=2 x 10 m bar, as with the sound-pressure level meter and

the DIN-loudness meter.

It is also not necessary to qualify the noise-level values
with anything else than dB. The name "sound-level" implies all
other definitions and experimental conditions. The name '
"sound-level” implies further, that the apparatus does not
concern itself with the loudness of either pure tones or a

combination of pure tones and sounds.

In this situation we must fall back on the above-mentioned

principle of "ideal curves," so long as no universal and

sufficiently simple equipment exists.

Our measurements show that the simplest system of .
"comparison-curves" consists of straight lines in the "octave-
level diagram,” showing a fall-off of 3db per octave from
125-9000 Hz. | |

E. Lubcke [13] has stated that the selectlon ‘0f such
"comparlson curves" must be affected by other con51deratlons,

egpecially hearlng difficulties.

In order to economize on the writihg—out of the “octave-
level dlagram,“ E Lubcke [13] has further suggested that an-
- apparatus llke the “above- suggested sound level meter be comblned
with octave~filters. This would add no new technical elements
to the system of octave-filters and sound-pressure meters we have
describedfi
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I1f one then s;mpllfles the comparison-curve principle to
the extent that the peak value read off such such an - apparatus
becomes decisive, then there is no need of measurlng the octaves

separately and then reading off the peak values.

- Finally, let us acknowledge that similar experiments were
carried out in a dead room of the Institute, using an even sound-
field, before our experiments with the diffuse soundfield began.

' The number cf subjects was small. -The‘apparatuS{iﬁinot conform to
the necessary requirements as established“by later\fesearches.
Above all, there were strong extraneous ﬂoises in the insulated
room, so that the loudness oomparisons were not unambiguous, at
'leest.at low frequencies. Let us note, however, that the shape

of the curves obtained here showed a difference from the known
curves of equal loudness for pure tones, in that a weak,

monotone; but unmlstakable  fall~off was evident up to 4000 Hz

' We extend our most heartfelt thanks to the Deutsche
ForschungsgemelnSChaft for prov1d1ng the wherewithal to complete

these experiments.
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